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PERFORMANCE OF PURE FUELS IN A SINGLE J33 COMBUSTOR 
I - FIVE LIQUID HYDROCARBON FDELS 
By Jerrold D. W e a r  and Ralph T. D i t t r i c h  
SUMMARY 
Investigations of several pure hydro-carbon f u e b  were conducted in  
a single tubular-type combustor in  order t o  determine possible relations 
between c d u s t o r  performance and fuel properties.  The conibustor tem- 
perature rise, conibustion efficiency, and blow-out limits w e r e  determined 
with  f ive  l iquid hydrocarbon fue ls  of high purity over a range of heat 
input and air-flow rates and ati two inlet-air-temperature conditions. 
The fue ls  were isooctane, cyclohexane, methylcyclohexane, n-heptane, 
and benzene. Performance parameters w e r e  selected to compare with the 
physical and fundamental conibustion properties of the fuel .  
The general performance order among the  fuels  was: benzene highest; 
isooctane lowest; cyclohexane, methylcyclohexane, and n-heptane inter- 
mediate. O f  the  several fuel  propert ies  considered, &Fmum burning 
velocity best correlated  with  fuel performance, indicating an approxi- 
mately linear increase i n  the performance of the  fuels  with  an increase 
in  burning velocity. For the various test conditio- .investigated, the 
maxhm conkustor temperature rise and the  combustion efficiencies 
increased by 230° t o  400° F and 2 t o  17 percent  for an increase i n  =x- 
Fmum.burning velocity from 34.6 t o  40.7 centimeters per second. 
INTRODUCTION 
Research is being conducted a t  the NACA Lewis laboratory t o  deter- 
mine possible  .design parameters f o r  hugroving the performance of tur- 
improving combustion efficiency and the altitude canibustion blow-out 
limits of the combustor. Investigations of this phase of the research 
included sys t emt i c  changes in combustor design and performance evalua- 
tions of various types of fuels. Results of some of these Investigations 
are summarized i n  reference 1. These studies were concerned primazily 
with over-all effects on performance; that is, they did not attempt t o  
describe combustion inefficiency and blow-out in  terms of basic processes 
which take place within the combustor. Knowledge of the knportance of 
each of the  several  basic  processes in establishing  over-all conibustor 
performance would assist materially i n  a ra t iona l  approach t o  design 
iqrovements and f u e l  selec-tion. 
' bojet engines. One phase of the over-all  program is concerned with 
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One study of the  role  of individual processes such as fue l  atamiza- 
tion, evaporation, mixing, and conkustion was conducted in reference 2 .  
Oxy@en concentration of the i n l e t  oxygen-nitrogen mixture was varied t o  
alter the conibustion reaction  without  appreciably  affecting  other 
processes. The data indicated reasonable carrelations with a reaction- 
mechanism factor.  The data also correlated with fundamental colnbustion 
properties such as maximum burning velocity and minimum ignition energy. 
Another approach t o   t h e  problem of determining the role of funda- 
mental conibustion properties in  establishing conbustor performance i s  
the use of fuel variables. Thus,  the fundamental ccmibustTon character- 
i s t i c s  that m y  influence combustion can be varied  by varying fue l  type. 
Use of pure  fuels  for which the various fundanental conibustion properties 
are known would be  desirable  for any investigation that w&s concerned 
with the combustion mechanism. A number of investigations have been 
conducted with pgre ..fuels fo r  which .fundamental combustion data are  avail- 
able. Data obtained by the Ethyl Corporaton.show a re lat ion between 
effective flame speed and laminar f .We speed fo r  several l iquid and 
gaseous fuels i n  a small-scale conbustor. The.effective flame speed was 
considered as the maximum velocity of primary air   required  to   came lean 
blow-out a t  any fuel-air ra t io .  Rogers (reference 3) shows data with a 
reasonable  carrelation between combustion efficiency st r ich  blow-out 
and relat ive flame Bpeed. Data reported in reference 4 show a relat lon 
between maximu stable temperature rise, actane nuniber, and refractive 
index. 
Investigations are being conducted a t   t h e  NACA Lewls laboratory  to 
study  in more detail possible  relations between physical and fundamen%al 
combustion properties of re la t ively pure fuels and full-scale single- 
conibustor performance. The colnbustor performance data reported herein 
were obtained with f i v e  fuels,  each representative of a particular class 
of hydrocarbons. The f u e l s  were relat ively pure, were available i n  
sufficient quantities, and had self-consistent sets of fundamental com- 
bustion data available. I n  order to  minbize  e f fec ts  of variations in 
f u e l  evaporation rat.es on the conibustion process, fuels having siniilar 
boiling temperatures were selected. In addition, to minMze effects 
of variations i n  fuel atomizati-on and mix.i_ng.on-.the. c@yt ion  process, 
a variable-area fuel nozzle was used. This type of nozzle permitted- 
large changes i n  .fuel-f low rates  with slrvsll change8 i n  f uel-nozzle 
pressure. The conibustor t e s t  conditions included One inlet-air pressure, 
two inlet-air -  temperatures, and four rate6 of in le t -a i r  mass flow. The 
inlet-air pressure condition was suff ic ient ly  low to   be  considered 
severe from the standpoint of combustion. The  two inlet-air temperatures 
differed  by 160° F. The air-f low r a t e  was varied .by more than 100 per- 
cent, which enabled the investigations to be conducted a t  i n l e t  condi- 
t ions which covered a considerable range of severity. 
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The fundamental conibustion properties  considered were mximum burn- 
ing velocity, minhum ignition energy, spontaneous ignit ion temperature, 
and f-bility range. The c d u s t o r  performance parameters used -to 
compare the fuels were maximum cmibustor temgerature rise, combustion 
efficiency a t  a heat-input value of 325 B t u  per pound of air, and com- 
bustion efficiency a t  a conbustor-temperature-rise value of 830° F. 
Relations between the fundamental combustion properties and the com- 
bustor performance parameters are described. 
mLS 
Laboratory inspection data of the fuels used in  the  investigation 
are presented in table I. It was desired that  these fuels have puri t ies  
i n  excess of 95 mole percent. Comparisons of the laboratory inspection 
data wtth physical data f o r  pure fue l s  (values taken from the l i t e r a tu re  
and included in table  I) indicate that the  puri t ies  of all the test  fue l s  
except cyclohexane were above 95 mole percent. The puri ty  of cyclohexane 
was about 92 mole percent. 
Self-consistent sets of some fundamental conbustion data of these 
fuels are  a l so  included in the table. The flilmmability-range data were 
obtained w i t h  samples of the same fue l s  used for  the data reported 
herein. 
Al?PAFuTUS m INSTRtJMENTATION 
A diagram of the general arrangement of the J33 single combustor 
and the auxillary equipment is shown in  f igure  1. Air flow t o  the com- 
bustor was measured by a square-edged orifice  plate  installed  according 
t o  A.S.M.E. specifications and located upstream of a l l  regulating valves. 
The conbustor-inlet-air temperature was regulated by use of e l ec t r i c  
heaters. The conibustor-inlet-air quantities and pressures were regulated 
by  remote-controlled valves i n  the laboratory  air-supply and exhaust 
systems. The conbustion a i r  supplied t o  the conibustor bad a dew point 
of e i ther  -20° or -70' F. 
A diagrammatic cross-section sharing the conkustor and i ts  auxiliary 
ducting, the position of instrumentation planes, and the location of 
temperature- and pressure-measuring instruments in the  instrmentation 
planes is  presented i n  figure 2. Thermocouples and total-pressure tubes 
i n  each instrumentation plane were located at centers of equal areas. 
Construction details of the temperature- and pressure-measuring i n s t r u -  
ments are sham in figure 3. 
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Fuel-flaw  rates  .to the combustor were measured by  rotameters  cali- 
brated f o r  each fuel. Pressure and temperature data w e r e  obtained by 
m e a n s  of manometers and automatic-balancing potentiometers, respectively. 
- 
. T h e  test  conditions used for the investigations reported herein 
required large variations in fuel-fluw rates. Under these conditions 
the use of a constant-area fuel nozzle would require a very wide range 
in fuel-nozzle pressure drop ( f i g .  4 ) .  Large  changes i~ spray character- 
i s t i c s  accoqpany Large changes i n  fuel-nozzle pressure drop. For this 
reason, a variable-area f u e l  nozzle with a pressure-flow curve similar 
t o  that presented in figure 4 was used i n  th i s  invest igat ion  to  minfmize 
the pressure changes with change in  fuel-flow rater 
A diagramnatic cross-section of the f u e l  nozzle i s  sham i n  f i g -  
ure 5. Fuel enters the nozzle body and i n to  channels that feed individ- 
ual tangential- slats in the swirl plate .  The f u e l  flows through these 
s l o t s   i n t o  a constant-size swirl charnber and is then ejected through 
the  or i f ice .  For very low rates of fuel Plow,.the fuel travels through 
two small passageways feeding two tangential sl.Ot6.. on.. the. d m t r e a m  
face of the s w i r l  p la te .  As more fuel is required, the piston moves and 
uncovers entrances to additional channels.which lead t o  other tangential  
s l o t s  on the upstream face of the swirl plate .  T b i s  permits large 
changes i n  fuel-flow rate with small change Fn pressure  drop  across  the - 
swirl plate .  After all t angent ia l  s lo t s  a re  in  use, the nozzle ac t s  a s  
a constant-area type (see high-flow seglon of curve, f i g .  4 ) .  
. 
I 
The canibustion performance of the  fuels  was determined a t  the 
following inlet-air conditions: 
I n l e t - a k  
mass flaw t o t a l  
Inlet-air  velocit? In l e t - a i r  
( f t /sec)  
.. -. . . - ". 
pressure In le t -a i r  total (lb/sec) 
. .  . .  
( in .  Hg abs) temperature 
40 200 
(9) 
14.3 
133 . .  . . 17 8 1.3 14.3 
10 1 134 1.0 14- 3 
81 107 0.8 14.3 
61 a1 0.6 
&Based an c d u s t o r  maximum cross-sectional area of 
0.267 ~q ft measured inches downstreRm  of section B-B 
( f ig .  2 ) .  
_ .  . . .. 
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The desired conibustor inlet-air   test   conditions were established at a - low f u e l - f l m   r a t e  (about 200° I? cof&ustor-temperature rise) and data 
recorded when conditions were stabil ized. Fuel flow was increased t o  
obtain increments in  conibustor-teqerature rise of about looo F. This 
m 
03 
Nl procedure w a s  continued u n t i l   r i c h  blow-out occurred.  After the r ich  
03 blow-out was checked, the fuel-f low r a t e  vas  decreased t o  two or three 
different values and the data recorded. No lean blow-out data were 
obtained. The ignition plug was de-energized durfhg operation. 
A t  some inlet conditions the performance differences between fuels 
were small. In order t o  determine i f  these differences w e r e  significant 
or  within experimental error, data were obtained t o  establish the .degree 
of repeatabil i ty.  One fuel, isooctane, was used as a check fuel, and 
data were obtained with this f u e l  'before and after investigations of 
each of the other  fuels. 
Conibustor-temperature rise. - The cmibustor-temperature r i s e  was 
determined as  the  increase in g a s  temperature from section B-B t o  C-C, 
figure 2*.. The temperature a t  B-B W&B the average indication of the two 
iron-constantan thermocouples; the  t&erature   a t  C-C was the arithmeti- 
c a l  average indication of the 16 charnel-alumel thermocouples. The 
indicated thermocouple readings were accepted as true values of the 
t o t a l  temperature. 
Cdus t ion   e f f ic iency .  - Combustion efficiency was defined as : 
ac tua l   en tha lpy   r i se   across   cdus tor  
heat- value of f u e l  supplied 
where 
increase in enthalpy of sir from conklistor-inlet tempera- 
tuie tl t o  c d u s t o r - o u t l e t  temperature t2, Btu/ lb  
actual fuel-air r a t i o  
. 
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enthalpy correction accounting for change i n  gas composi- 
ref t i on  due to burning of oxygen, Btu/lb 
h C  lower heating value of fuel,  Btu/ lb  
Charts presented in reference 5 and i n   f i gu re  6 were used t o  deter- 
mine the enthalpy rise across the combustor; heating values of the fue ls  
are presented in table I (lower heat of combustion). 
The inlet-air  total-pressure values were obtained from the 12  t o t a l -  
pressure tubes (section A-A, f ig .  2)  w h i c h  were connected t o  a s ingle  
mebnifold. 
RESWS AND DISCUSBIm 
Combustor temperature rise, conibustion efficiency, and r i c h  blow- 
out data obtained with f i v e  hydrocarbon fue ls  i n  a single J33 conibustor 
are presented in  tab le  11. Relations among heat input, combustor tem- 
perature rise,  and combustion eff ic iency for  each of the fuels inves- 
t igated a t  each of the various operating conditions are sham i n  f i g -  
ures 7 t o  11. The curves of constant conjbustion efficiency were deter- 
mined for each fuel .  
The repeatabi l i ty  of the performance data is indfcated i n  f igure 7. 
Conibustor temperature -rise, combustion efficiency, and heat-Input data 
were obtained with isooctane fuel before and M t e r  each t e s t .  These 
data were obtained over a period of 4 months, during which time the 
conibustor was disassenibled several  times. The average percentage devia- 
t ion  of the conibustion efficiency of individual data points f r o m  the 
curves faired through a l l  data m s  about S percent. Differences i n  the 
canibustion efficiency data of more than 2 percent between f u e l s  can thus 
normally be considered as real differences, while differences less than 
2 percent f a l l  within the repeatability  range. 
The data obtained with isooctane ( f i g .  7)  show, in general, an 
increase i n  temperature r i s e  and conibustion efficiency with an increase 
in heat input. Continued increases in heat input, however, resulted in 
r i c h  blow-out of the f l e .  Rich blow-out points as sham could be 
checked closely a t  the  time.they were obtained; however, a f t e r  a period 
of'  intervening tests a repeat   r ich blow-out point might vary considerably, 
on the heat-input scale, from a previously determined point. A t  some 
c 
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inlet  conditions  the maximum temperature r i s e  was obtained a t  the   r i ch  
blow-out point, and a t  other conditions the maxFmum tenperature  r ise was 
obtained a t  a lover value of heat -ut than that required f o r  r i ch  blow- . 
out. The conibustion efficiencies at r i ch  blow-out were considerably 
below the i r  maximum values. The highest combustor temperature rise and , 
combustion efficiency observed were about 1420° F and 88 percent, 
respectively, and w e r e  obtained a t  a low inle t -a i r  mass flow. The max- 
imum heat-input values a t  the r i ch  blow-out points decreased, in general, 
with an increase in a i r  flow and with decrease in  a i r  temperature a t  
constant inlet velocity. 
The data obtained with cyclohexane ( f ig .  8), methylcyclohexane 
( f ig .  9) ,  2-heptane ( f ig .  lo), and benzene ( f ig .  11) exhibited the same 
general trends as were no$& for isooctane. The differences in actual 
values of temperature rise and c d u s t i o n   e f f i c i e n c y  are compared i n  
la ter  f igures .  In the case of n-heptane, an exception to the general 
trend was noted a t   t h e  lowest aG-flar conditions. The temgerature rise 
and combustion efficiency values obtained over a par t  of the  heat 
input range were lower than values obtained at higher air flows. This 
anomaly was not obtained w i t h  any of the other fuels. Anothek excep- 
t ion  to  the  general   trend of the   fue l  data was the benzene data 
obtained at the higher air temperature and highest-air-flow condition 
( f ig .  =(a)). A t  these conditions much  more sca t te r  in the data was 
observed than was observed with any of the  other f u e l s  a t  any of the 
inlet-air conditions. 
Conibustor Performance Parameters 
The objective of the investigations reported herein is t o   r e l a t e  
the co&ustor performance of various fuels t o  physical or fundamental 
conibustion characterist ics of the fuels. Three representative conibustor 
performance parameters w e r e  chosen f o r  mdsinn comparisons among the 
fuels .  The f i r s t  parameter chosen was ~llaximum temperature r i s e ,  which 
Fe re lated t o  the  alt i tude  operational limits of the  turbojet  engine. 
The two other parameters were combustion e f f ic iency   a t  a specific  heat- 
input value of 325 Btu per pound of a i r  and conibustion efficiency a t  a 
specific temperature-rise value of 830° F. The latter performance 
parameters are related t o  the f u e l  consumption of the engine. The 
values of 325 Btu and 830° F are  approximate average values correspond- 
ing t o  engine cruise operation. 
Maximum temperature rise. - A comparison of the maximum temperature 
rise obtained with each f u e l  over the range of combustor aperating con- 
dit ions is  presented in f igure 12. A t  a l l  conditions investigated, 
benzene f u e l  provided the highest values of maxFmum temperature r i s e  
and isooctane the lowest values. The differences between isooctane and 
benzene varied from 270' t o  4CQo F f o r  camparable conditions. The 
8 c o  NACA FW E52J03 
maximum temperature-rise values obtained with the three remaining fuels 
(cyclohexane, methylcyclohexane,- and n-heptane) were 6 M l a r  and were -. 
between those obtained with benzene &d w i t h  isooctane. The f u e l  flow 
rate required  to.  obtain  the maximum conibustor-temperature-rise data was 
beyond the variable-area characterist ic of -the-ftiel nozzle ( f ig .  4 ) -  
Conbustion efficiency a t  heat-input value of 325 Btu per pound of 
- air. - A comparison of the  combustion-efficiency a t  a constant  heat-input 
value of 325 Btu per pound of air obtained with each fuel over the range 
of colnbustor operating conditions i s  presented in figure 13. A t  the 
high in le t -a i r  t eqera twe the  t rends  observed among the  fuels  were . -  
similar t o  those noted In  figure 12; that i s ,  the highest efficiency was 
obtained wlth benzene and the lowest, i n  general, with isooctane. As a 
resu l t  of the irregular trends noted i n  figure 10 f o r  n-heptane, t h i s  
fuel  exhibited reduced efficiency a t  t h e   - h i e s t  acr f l& rate investi- 
gated. This r e su l t  is -further amplified a t  the lower inlet-ai r -  
tqera-ture condition where n-heptane has the lowest efficiency of the 
fuels a t  low a i r  f lar rate,  Znd the  highest  efficiency G t .  high air  f loij 
rate. The differences in  efficiency among the fuels varied from abou€ 
2 to 18 percent at the different conditions. The difference between 
benzene and isooctane m s .  more nearly  constant.with air-flar. i n - f igu re  12 
(maximum-temperature-rise parameter) than shown i n  figure 13, where the 
difference increased, i n  general, with air mass flow. 
- . . . " . - 
Conbustion efficiency a t  a temperature rise of 830° F. - Comparison 
of the combustion efficiency a t  a temperature-rise value of 830' F 
obtained with each f u e l  over the range of co&ustor operating conditions 
i s  presented i n  figure 14. Benzene was the only f u e l  that gave 
temperature-rise values as high as 830° F a t  the high-air-flow colldi- 
tion. At the high inlet-air  tempratwe, benzene proviaed the highest 
values of ccrmbustion efficiency. The  same general trends for n-heptane 
were obtained as were shown in   f i gu re  13; tha t  is, the n-heptane values 
were the lowest of all the fuels at  low air flow rates, and tended t o  
become the highest a t  the higher air f l o w  ra tes .  With the exception of 
n-heptane the values obtained with isooctane were the lowest a t  all con- 
ditions. The differences i n  efficiency among the fuels varied from 
about 3 to 9 percent at the various conditions. 
- 
- 
General observations. - Considering a l l  p r f  ormance parameters, the 
highest performance was obtained with benzene agd the loweat w i t h  
isooctane. The performance- values obtained with cyclohexane, methylcyclo- 
hexane, and n-heptane were in-ediste and w e r e  very similar, i n  
general. Exceptions to-these trends were obtained with.* two different 
efficiency parameters a t  the 40' F inlet-air temierature.. A t  these 
conditions the conibustion efficiency of n-heptane followed a unique 
trend; a t  low air mass flow i ts  efficiency was lowest among the fuels, 
and a t  high a i r  m a s  flow.it was the highest. . 
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Comparisons of Colnbustor Performance Parameters w i t h  Physical 
-. and Fundamental Combustion Fuel  Properties 
L N  
(1, 
m Physical fuel properties. - Some physical  properties of a f u e l  
(1, which may be considered t o  have possible  ffects on the combustion pro- 
cess are (I) boiling point, (2 )  l a ten t  heat of vaporization, and (3) 
heat content at the spontaneous ignit ion temperature. Thus, an increase 
i n  any one of these  particular  properties may be expected t o  decrease 
the rate of fue l   evapra t ion  and may retard  the mer-all conibustion pro- 
cess. Comparisons of these properties (table I) with the general per- 
formance levels  of the fuels described in the preceding section, hm- 
ever, indicate that none would predict  the relative performance trends 
obtained. In the case of the latent heat of vaporization, a possible 
trend was indicated; however, it WBS opposite of that eqected.  Since 
the  fuels were chosen a t  l e a s t   i n  part t o  minimize variations in evapora- 
t ion  ra te ,   the   var ia t ions in these properties are intentionally small. 
.. 
Fundamental conibustion fuel  properties.  - Some fundamental combus- 
t ion  properties of fue ls  which may be considered t o  have possible  effects 
on the c&bustion process are (l)-maximUm burning  velocity  or maximum 
fundamental f b e  speed, (2)  min~mum ignit ion energy, (3) spontaneous 
ignition temperature, and (4) flammability range. Thus, any increase in 
burning velocity o r  widening of flamnability raage, or a decrease i n  
minFmum ignit ion energy o r  spontaneous ignit ion temperature may be 
expected ta   effect   increases  in the   ra te  of the c&u&ion process. 
Considering the most consistent "highest" and "lowest"' performance fue ls ,  
which were benzene and isooctane, respectively, it is noted that values 
of maximum burning  velocity and minbum ignition energy (table I) 
qual i ta t ively follow the performance trends of these two fuels. Both 
fundamental flame speed and m3ni.mw.u ignit ion energy have been used t o  
correlate conibustion performance of fuels in previous investigations 
(data by Ethyl Corporation and reference 6) .  The values of spontaneous 
ignit ion temperature and f lamuability range for   the  fuels  do not follow 
the same order as  the co&ustor performance of the fuels;  benzene has 
the highest spontaneous ignition-temperature and the lowest flammability 
range of the  fuels  investigated and would therefore be expected to give 
the lowest performance. 
A further comparison indicates that the combustor performance of 
cyclohexane, methylcyclohex&ne, and g-heptane were, in general, similar. 
While the maximum burning velocit ies for these fuels  are similar, the 
mintmum igni t ion energy values for  cyclohex&ne and pheptane vary con- 
siderably,  although no minimum ignit ion energy data f o r  methylcyclohexane 
were available. From the precedbg discussion it appears that, of the 
fuel  properties  considered,  burning  velocity w i l l  best  correlate with 
combustor perf ormance . 
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The relations between maximum burning velocity and the selected 
f u e l  performance p8,rameters-of figures 12, X, and 14 are presented in 
figures 15, 16,  and 17, respectively. Figure l5 shows the  re lat ion 
between maximum combustor temperature rise and maximum burning velo- 
c i t y   f o r  the various inlet-air mass flows and two inlet-air  tempera- 
tures. Five of the eight different inlet-air conditions show a regular 
increase in performance with increase in  burning velocity; the remain- 
ing three Fnlet-air conditions show a general but less regular increase. 
The maximum combustor-temperature-rise values increased from 230° t o  
40O0 F for  an  increase i n  maximum burning velocity from 34.6 t o  
40.7 centimeters per second. 
D. 
Combustion efficiency at a heat-input value of 325 B t u - p e r  pound of 
a i r  is plot ted  in   f igure 16 against maximuii burning vel6city  for  the 
four rates of in le t -a i r  flow and two inlet-air temperatures. The reg- 
ular  increase i n  performance with burning velocity is not so pronounced 
with t h i s  combustor parameter a6 with the maximum-temperature-rise 
parameter. Values of the conibustor parameter obtained a t  three of the 
inlet conditions show a regular increase T n  performance w i t h  increase 
i n  burning velocity and a t  the other f i v e  conditions a somewhat general 
increase. The values obtained with n-heptane (burning velocity of L 
38.6 cm/sec) deviate most from the gzneral trend of all the fuels. 
Increases i n  the conibustion efficiency parameter varied from 2 t o  17 per- 
cent for the increase in burning velocity. - 
The conibustor performance parameter, conibustion efficiency a t  a 
codustor-temperature-rise value of 830° F, is plot ted in  f igure 17 
against lnaxFmum burning velocity for various a i r  flows and two in l e t -  - 
a i r  temperatures. The trend of the data is slmilar t o  that presented 
in figure 16, except that the deviations of n-heptane values from the 
general trend of the fue l  data are greater. The consistent deviation of 
the data obtained with n-heptane from the "general trend" indicates that 
controlling  factors oth& than or i n  addi t ion  to  burning velocity  are 
needed for correlation. Of  the six inlet conditions, only one has values 
tha t  show a regular increase in performance wlth increase in  burning 
velocity. A t  other inlet conditions, a sfmilar trend i s  evident but much 
less  pronounced. Increases i n  this combustion efficiency parameter 
varied from 2 t o  5 percent for the increase in burning velocity. 
It should be pointed  out that the burning-velocity data used herein 
were obtained with fuel-air mixtures a t  room temperature. The order of 
maximum burning velocities among the f u e l s  may di f fe r  a t  the  elevated 
temperatures encountered i n  the cambustor. 
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In order t o  determine possible  relations between physical or fun- 
damental cornbustion properties of fuels,  o r  both, and combustor perform- 
ance, investigations of several pure hydrocarbon fuels  were conducted i n  
a single tubular  conkustor. Combustor performance parameters which were 
considered t o  be significant i n  engine operation were (1) maximum com- 
bustor temperature rise, (2) combustion efficiency a t  a heat-input value 
of 325 Btu per pound of a i r ,  and (3) conhustion efficiency a t  a combustor 
temperature rise of 830° F. The following general order of fuel  per-  
formance was obtained from comparison of these parameters; benzene 
highest, isooctane lowest, with cyclohexane,  methylcyclohexane  and . 
the performance of n-heptane varied considerably from the general per- 
formance orders. Fzr certain inlet conditions, the performance of 
- n-heptane intermediate.  For the two conibustion-efficiency  parameters, 
- n-heptane was either  the  highest or lowest of a l l   t h e  fue ls .  
Of the  several f u e l  properties considered, maximum burning velocity 
best correlated  with the general performnce of the fue l s  indicating an 
approximate linear increase Fn f u e l  performance xLth increase i n  burning 
velocity f o r  the narrow range of burning velocities investigated. The 
combustor performance parameters of maximum temperature rise, efficiency 
a t  a heat-input value of 325 Btu  per pound of a i r ,  and ef f ic iency   a t  a 
temperature-rise value of 830° F were increased by 230° t o  M O O  F, 2 t o  
17 percent, and 2 t o  5 percent, respectively, for the increase i n  max- 
imum burning velocity of the fue l s  from 34.6 t o  40.7 centimeters per 
second. 
Conclusive relations between conhustor performnce and f u e l  prop- 
e r t i e s  were not established in this investigation; such relations will 
require tests with fuels  having wider ranges of properties. 
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TABLB 11 - PBRFORMANCE DATA PROW SINOLE -STOR OPEPATINO W I T H  S E " L  I i Y D R o c A F i B O W  RIEL3 
E m b u n t o r - i n l e t  t o w  pressure, 14.3 inches mercury 
(a )  I E m t E n O .  
Run Air Cmbustor R O W l c s  Ccabustlm Wan tern- Hean Heat Fuel Puel- Fuel- Fuel 
f l o r  rererence erf ioiencr persture ambuntor-  lnput tern- ncazle Bir flow 
( lb /hr )  (percent) rim c u t l e t  (BW/ pers- pressure ratio 
birrar- 8; entiel lb air) tempera- t h r q h  
(lb/Ep i n . )  
:I 
 
0.598 
.so1 
3 
4 
.596 
.595 
6 .598 
7 .603 
8 .600 
9 .BOO 
10 .600 
12 .600 
11 .6W 
13  .600 
I4 .600 
15 .601 
16 .600 
17 .599 
18 .598 
19 .599 
20 .598 
Z? .600 
21 .598 
25 .600 
24 -600 
25 .601 
26 -601 
27 .6OO 
28  .600 
29 .600 
SO .796 
51 .8W 
52 .eo1 
55 .791 
34  .798 
35  -798 
36 .798 
57 .em 
38 .Boo 
59 .m 
40 .799 
41  .799 
42 .a01 
43 .800 
44 
.e30 45 
.800 
.a01 54 
..ea 53 
-801 52 
.Bo 51 .800 50 
.a00 49 
-798 40 
.799  47 
.799 48 
58 1.ooo 
55 .800 
57 1.ooo 
58 l.Oo0 
59 1.ooo 
60 1.ooO 
61 .997 
62 .998 
63 .9SE 
64 .999 
85 .999 
66 .999 
87 .999 
68 1.W 
69 1.ooO 
70 1.m 
71 1.000 
72 1.001 
74 .999 
75 .999 
75 l.Oa0 
76 1.OW 
77 1.000 
78 1.om 
79 1.002 
80 .999 
81 .999 
82 1.ocKl 
83 1.000 
a4 l.m 
85 l.m 
5 .597 
61 
61 
81 
81 
6I 
61 
61 
61 
81 
61 
81 
61 
61 
E l  
61 
61 
61 
61 
61 
m 
61 
61 
61 
61 
61 
61 
6 1  
61 
81 
61 
81 
81 
81 
81 
81 
81 
81 
81 
81 
BL 
81 
El 
81  
81 
81 
81 
' 81 81 
81 
81 
81 
81 
81 
81 
101 
81 
101 
101 
101 
101 
101 
101 
101 
I01 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
1oL 
101 
101 
101 
- 
12.4 
20.1 
25.4 
28.9 
32.0 
ss.8 
2 3 . 4  
18.8 
16 .2  
26.4 
15.6 
35.5 
29.5 
39.5 
36.1 
42.8 
6S.3 
25.8 
19 - 4  
32.3 
39.3 
17.2 
B . 7  
35.2 
28.9 
43 .O 
17.2 
53.1 
40.7 
66 .4  
49.4 
64.5 
68.3 
51.5 
46.0 
57.9 
59.8 
52;2- 
35.8 
61.7 
43 .s 
55.1 
63.1 
24.8 
52.2 
40.0 
47.4 
22.8 
77.0 ' 
38 -2 
29.1 
4 6 . 1  
57.2 
65.9 
69.1 
21.5 
85.0 
84.0 
19 .5 
35.8 
87.5 
w.5 
54.2 
54.9 
60.9 
67.0 
4s .4 
77.11 
57.6 
44.1 
57.0 
43s 
33.8 
51.7 
59.1 
64.0 
70.6 
'17.4 
44.1 
55.2 
42.0 
73.1 
48.9 
62.6 
72 .a 
- 
Caebustor-inlet 
90 
90 
90 
90 
89 
89 
86 
85 
86 
88 
86 
87' 
87 
87 
88 
89 
90 
75 
76 
75 
76 
75 
76 
77 
78 
75 
71 
79 
79 
91 
74 
74 
74 
72 
73 
T3 
76 
76 
75 
77 
77 
77 
77 
71 
72  
74 
74 
72  
75 
78 
77 
77 
75 
74 
75 
86 
86 
e4 
88 
86 
77 
78 
77 
75 
76 
75 
75 
74 
74 
74 
77 
77 
E2 
82 
81 
82  
81 
82 
82 
76 
78 
75 
78 
78 
79 
- 
- 
;a1 t e  
110 
177 
2 s  
257 
284 
299 
206 
166 
143 
a3 
120 
261 
298 
318 
349 
578 
38s 
228 
I72 
286 
34S 
155 
200 
256 
379 
1% 
598 
292 
528 
442 
427 
5 78 
2 m  
289 
566 
265 
54s 
408 
2S6 
292 
364 
418 
214 
la 
265 
516 
5u 
151 
LgJ 
505 
254 
178 
421 
458 
150 
114 
445 
105 
164 
191 
231 
288 
282 
322 
555 
COB 
307 
E81 
381 
253 
301 
233 
179 
275 
SI5 
339 
314 
u o  
a 5  
296 
307 
223 
259 
552 
-
zsa 
- 
750 
1003 
1193 
IS15 
1402 
1445 
1120 
952 
BM 
1232 
742 
1523 ul5 
1483 
I552 
1602 
1812 
l2L2 
.952 
If87 
E45 
1052 
858 
1292 
1433 
1592 
882 
1425 
1560 
16% 
1464 
1667 
1053 
1602 
15 70 
Is05 
1527 
1268 
1652 
1161 
1357 
1572 
1666 
1054 
1242 
1433 
1595 
837 
1177 
963 
l s74  
1594 
1647 
1820 
1423 
717 
1w2 
682 
1453 
9 P  
lzls 
1065 
'1308 
1*5 
1575 
1428 
1150 
1405 
1268 
1067 
1075 
1181 
900 
1290 
1535 
lS86 
1420 
1076 
1245 
l426 
1026 
1157 
I288 
a57 
1260- 
230 
505 
895 
902 
815 
620 
945 
w2 
550 
242 
732 
82J 
9 l S  
1052 
983 
1102 
1112 
452 
712 
887 
lC45 
SbB 
552 
792 
1032 
933 
382 
9 2 5  
1060 
1L63 
1167 
964 
1102 
555 
1105 
870 
1027 
768 
1i52 
681  
1072 
857 
1166 
557 
554 
933 
742 
1095 
557 
46s 
677 
874 
1094 
1147 
1120 
217 
923 
182 
912 
955 
585 
715 
725 
808 
873 
928 
650 
905 
7.50 
567 
5 75 
760 
4 m  
687 
835 
790 
920 
676 
928 
745 
526 
637 
798 
ae-s 
61.0 
70.5 
77.8 
80.7 
81.6 
81.6 
75.5 
84.5 
66.6 
49.1 
79.6 
80.4 
79.8 
80.1 
76.9 
76.8 
76.5 
78.6 
86.2 
78.7 
78.5 
57.8 
66.8 
82.5 
78.9 
73.8 
61.6 
81 .8 
i;:: 
76.5 
72.7 
85.8 
76.9 
74.7 
75.7 
77.1 
74 .5 
74.9 
70.5 
75.4 
77.5 
74.2 
5S .6 
62.4 
71.1 
76.7 
57 .4 
54.9 
59.7 
67.5 
76.3 
72 .S 
65.2 
46.4 
Q.8  
42.8 
55.0 
54.2 
54.9 
61.5 
65.5 
65.2 
63.9 
64.4 
59.4 
62.9 
61.7 
64.0 
64.4 
61.1 
55.1 
62.0 
63.5 
54.7 
65.4 
81.6 
58.6 
61.6 
64 .S 
62.4 
62 .O 
58.9 
61.9 
75.8 
ElW-cut  
ro 
rn 
03 
03 
. 
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Q 
43 
U 
N 
- 
86 
87 
88 
89 
91 
92 
95 
94 
95 
96 
97 
98 
loo 
99 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
121 
120 
122 
8o 
-
- 
123 
124 
125 
126 
127 
128 
129 
151 
130 
152 
153 
154 
155 
156 
157 
158 
159 
140 
141 
142 
145 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
155 
1% 
157 
156 
168 
159 
180 
161 
185 
162 
164 
165 
166 
167 
168 -
0.998 
1.001 
1.001 
1 .ooo 
1.WO 
1.WO 
1 .WO 
1300 
1.300 
1300 
1.298 
1.303 
1 .so1 
1301 
1.301 
1.501 
1.301 
1 . a 9  
1.301 
1.500 
1.302 
1.296 
1 300 
1302 
1 .xx) 
1.300 
1.301 
1 .so2 
1.303 
1.298 
1.298 
1.501 
1.302 
1.501 
1.m 
1.297 
1.297 
- '.800 
.599 
-599 
-599 
,589 
.599 
-599 
-598 
.593 
.598 
-594 
.599 
-599 
.so0 
.600 
""
-601 
-598 
-699 
.598 
-598 
.598 
.598 
-598 
.598 
.598 
-799 
-799 . '799 
.798 
-798 
-798 
.799 - 798 ~ ~~ 
.a01 
.797 
.797 
.797 
.7S8 
-802 
-801 
.801 
101 28.1 
101 74.6 
1oI 56.4 
101 43.7 
101 50-9 
lo1 58.0 
101 89.4 
155 26.2 
153 32.5 
135 46-5 
155 u.1 
155 44.1 
133 52.8 
135 57.0 
153 61.8 
153 64.5 
155 67.3 
l35 75.5 
153 71.1 
15LI 81.2 
135 . 84.9 
153 90.1 
135 95.0 
135 97.8 
153 88.9 
133 33.0 
153 52.5 
153 54.8 
153 84.1 
1s 73.9 
155 88.3 
153 7223 
133 78.1 
133 29.6 
155 31.6 
133 84.6 
155 92.0 
81 59.3 
81 26.8 
81 17.5 
81 15.2 
81 22.2 
81 43.6 
81 48.3 
81 50.8 
81 55.3 
81 28.5 
81 19.7 
81 42.9 
81 47.6 
81 47.2 
81 57.8 
81  27.0
81 59.3 
81 35.5 
81 45.6 
81 (9.2 
81 55.7 
81 54.9 
81 51.0 
81 u . 0  
107 14.5 
107 24.5 
107 32-5 
l o 7  38.9 
107 46.1 
107 58.9 
107 85.5 
107 80.0 
107 69.7 
107 75.1 
107 38.9 
107 28.3 
107 47.6 
107 58.6 
Lo7 7 6 3  
107 65.0 
107 82.3 
107 S8.7 
107 26.3 
107 47.6 
107 58.8 
a 1  51.1 
Combustor-inlet total  tenw 
cc&austos-: 
b.0182 26.5 
.0124 23.2 
.0081 22.5 
-0061 18.7 
.om3 23.7 
-0202 28.5 
.0224 27.9 
-0236 26.7 
-0248 27.2 
.OI55 22.9 
.0199 27.7 
. m 2  21.3 
.022l 26.5 
-0219 28.5 
. a 7 5  26.0 
.Ole3 25.2 
.0155 24.5 
.02l2 24.7 .0228 24.9 
-0249 26.3 
.0255 26.4 
.0144 22.8 
.oza4 25.2 
.M37 24.8 
-0085 23.9 
-0155 27.9 
.OlBO 26.7 
.OB8 n.8 
" 0 9  27.9 .(1228 28.2 
. w 3  28.5 
-0261 29.1 
-0135 26.2 
. O m  24.7 
.0165 26.5 
.OB7 27.9 
.0227 28.4 
-0286 54.7 
-0266 29.7 
. O n 4  27.5 
-0091 21.7 
.OX5 27.6 
. O m  27.7 
.n125 22.4 
.m50 ~ 8 . 8  
. o m  2s.a 
78 395 
72 154 
72 193 
72 231 
71 307 
68 475 
SO 107 
80 132 
90  187 
72 179 
72  214 
72 p3 
7 2 2 5 2  
7l 262 
70 275 
70  307 
70 552 
70  345 
69 379 
70 368 
68 399 
88 402 
71 1 3 C  
74 224 
74 1u 
74 261 
75 s80 
75 326 
75 518 
75 297 
78 w 
72 1xI 
65 345 
62  376 
n 2811 
so 168 
m a o  
mature. 500' R
1598 
785 
891 
lo34 
u59 
1292 
1470 
873 
7 l l  
775 
810 
800 
rn 
922 
89 7 
950 
972 
1017 
990 
1025 
1038 m 
1047 
1047 
1045 
865 
703 
150 
958 
loo0 
lo32 
loo0 
1012 
697 
703 
loso 
1032 
. .~ 
Let t o t a l  temperature, - 
82 
a2 
85 
84 
83 
81 
81 
81 
85 
81 
e4 
82 
a3 
78 
78 
79 
80 
79 
79 
78 
77 
76 
77 
77 
85 
77 
83 
82 
82 
81 
81 
81 
81 
81 
81 
78 
78 
80 
79 
80 
80 
81 
82 
82 
82 
- a2 
347 1734 
236 1457 
154 I357 
116 1027 
385 1857 
196 1310 
427 
450 
473 
254 
175 
379 
421 
334 
U 8  
258 
349 
296 
404 
475 
u 7  
4E6 
275 
383 
452 
e5 
162 
w 
zs7 
505 
578 
399 
435 
465 
49 8 
257 
315 
191 
376 
507 
433 
545 
256 
174 
515 
389 
1972 
2025 
2055 
1492 
m 5  
1850 
1947 
-41 
1700 
1471 
1850 
1753 
1920 
1988 
2085 
2075 
1572 
1866 
2024 
891 
1152 
1528 
1460 
1655 
1798 
1828 
1890 
1938 
l965 
1463 
1255 
1657 
1773 
1955 
1675 
1935 
1450 
1205 
1650 
1807 
66C 
50.2 
57.9 
792 
62.0 
970 
66.1 
173 59.3 
5L.2 
w 
275 
38.9 
40.2 
310 40.5 
300 41.1 
397 
357 u . 4  
42.5 
427 
450 
42.3 
472 
43 .O 
43 .O 
517 
490 
42.4 
42.4 
558 
525 40.0 
550 
39.5 
!x7 
38.0 
!x7 
36.7 
35 .O 
545 54.5 
x)3 
365 
36.8 
230 
42.3 
458 
59 .a 
XQ 
41.9 
38.7 
532 
500 
37.4 
42 .S 
512 
Is? 39.9 
40.6 
xa 
550 
38.2 
ssi! 
58.9 
s7.4 
" 
B l a r - a t  
Blow-out 
Blm-out 
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I181 
I lw  1:am 
.997 
1 2 .985 
le3 1 ow 
! 186 1;oOO 185 1 600 . 187 1 . W  
188 1.002 
189 .99P 
1 9 1  1.m 
1sa 1.m 
195 1.m 
196 ! 1 .WO 
197 1.ooO 
188 1.OW 
200 1.m 
199 1.m 
201 1.m 
202 1.m 
,203 1 m  
205 1.003 
208 l ' W 2  
j 
1 2 0 4  1:oos 
208 Loo1  ' 209 1.001 I 2 0 7  ! 1'001 
210 1.001 
211 1.001 
212 1.001 
! 21s 1.500 
i 220 1.288 
I 222 1.mo 221 1.301 
242 1.297 
248. 1.286 
: 249: 1.m 
i 248: 1.297 
I 2501 1.m 
107 
107 
107 
107 
107 
107 
107 
E m 
. l s4  
107 
134 
13* 
ls4 
13* 
. l.34 
' ." 
1 3  
1 s  
x54 
15( 
134 
tE 
151 
ls4 
1sL 
l34 
E4 
1Jc 
I f4  
154 
l34 
134 
L5L 
l34 .w 
I34 
l34 
wc 
134 
- w  w4 
l.34 
l34 
134 
15L 
x54 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
I 178 
178 
178 
1T8 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 
3 78 
178 
17E 
178 
178 
178 
7L. 1 
42.2 
3.0 
44.1 
22.5 
SI. 5. 
3.3.5 
76.5 
79.1 
51 .f 
. 
44:6 
44.4 
s7.7 
28.6 ;: 3 
51.2 
56.5 
45.7 
78.3 
42.8 
82.0 
87.3 
29.a 
so .7 g3.6 
47.2- 
59.6 
62.0 
68.6 
43.6 
72.6 
59.5 
32.7 
45.4 
61.9 
. 59.2 
64 .?I 
70;C 
77.6 
84.9 
3S.l 
87.B 
45.5 
58 .. 2 
65 -7 
76 .0 .  
3 2 7  
5s. 6 
202 
pils 
Y:f 
55.2 
65.1 
9 - 6  
. m. 2S.z 
51.7 
70.2 
62 4 
86.,7 
4s -1 
76 .O 
6l .B.  
66.P 
82.P 
38.2 
4T.T 
44.d. 
5T.6 
82 ._s 
5L.l 
74.8 
Cornbuntor-inlet Oota). temperature. mSU R 
.DO87 
.0108 
.01q 
,0211 
. o z a  
.0110 
.02@ 
.0120 
.a251 
.W82 
.0232 
. o m  
.0085 
.ON6 
. o m  
.OlW 
.01a 
.m 
io091 .mm. 
:0126 
.0144 
.Ol64 
.elm 
.OX78 
. m 5  
.apS 
-0092 
.02u 
.0128 
.Ol56 
.om2 
.oa1 
.0070 
. a 6  .ax3 
.01% 
.am$ 
. o m  
.a127 
.0140 
.0156 
. O W 5  
.0175 
.m .u . o m  
.a144 
.0168 
-0186 
.Olb5 
.Om4 
. o n 1  . O l e 3  
. O l U  
.0175 
.0088 
.m5 
.0106 
. O l P  
-0155 
.0148 
.01% 
.0067 
a083 
.ma4 
. O l Q  26.7 
28.0 
25.7 
26.5 
26.6 
21.6 
2S.0 
25.9 
28.2 
x1.7 
22.8 
2 L 7  
2r.e 
S . 5  
24.6 
2 l . 8  
23.9 
24.2 
27.1 
27.9 
28.9 
55.2 
38.7 
28.9 
27.2 
21.7 
s4.7 
22.7 
27.6 
28.5 
27.5 
54.1  
28.2 
23.1 
2B.1 
25.7 
25.7 
25.7 
28.4 
27.4 
28.8 
15.7 
28.8 
38.9 
22.6 
24.7 
25.4 
26.2 
27.7 
P.5 
23.0 
20.9 
26.8 
27 .8 
28.8 
27.2 
28.5 
.32.7. 
2n .7 
4s .O 
22.3 
27.2 
30.7 
27.7 
" 
28.4 
m.1 
sa.2 
26.7 
25.5 
28.7 
25.9 
1.7 
27.1 
22.6 
25*2 
25.5 
24.2 
25.5 
25.6 
21.7 
26.6 
23.9 
P.Q 25.2 
1280 
895 
1098 
930 
440 
658 
?94 
Is00 
1285 
648 
ss4 
682 
395 
588 
?E 
5.9 2 
445. 
705 
9 7 2  
1[xlS 
1010 
645 
loo0 
E47 
C16 
, 637  
867 
730 
880 
885 
956 
680 
L78 
970 
686 
705 
805 
802 
882 
952 
090 
g90 
170 
482 
701 
962  
852 
998 
257 
P O  
295 
lbJ 
-325 :zg. 
$64 
415 
. ! x n  
S2l 
SSO 
200 - 
448 
491 
526 
544 
&52 
376 
505- 
395 
..495 
"6 .. 
548 
S26 
568 
= & B o  
w 2  
520 
260 
S17 
594 
465 
516 
317 
u a  
I- 
75.3 
84.0 
82.4 
74.4 
64.1 
91.3 e1 .o 
18.4 
n . 2  
79.7 
8S.S 
74.4 
72.4 
65.2 
50.5 
57.7 
67.9 
72.7 
76.4 
63.2 
73.1 
62.5 
58 .4 
65.6 
72.7 
66.9 
80.5 
68.0 
75.8 
73.4 
70.4 
61.8 
87: 6 
76 0 
63.7 
Y 3 . 4  
75.9 
76.6 
76.2 
-65.0 
70.4 
w .6 
.'BS.6 
56.5 
. . n * o  
, i.75.5 
73.9 
7 6 3  
4a.8 
66.8 
48.7 
46 .O 
48.8 
45.0 
U . 7  
4s .S W. 6 
44.5 
41.1 
43.6 
31.3 
51.8 
46.5 
46.5 
. 42.6 
45.9 
#.O 
45.2 
47.5 
+'I .3 42.0 
42.7 
45;7 
&? .a 
.&.S 
. 46.1 
45.4 
45.8 
44 -9 
50.7 
44.2 
. 45.0 
: c5.4 
. 45.6 
u . 7  - " ... 
nor-art 
l e a h n e e  
leaarancr 
,la-alt 
. .  
. .  . 
1" 
, -. - 
. .  
.. 
F 
.. . . . . , . 
- "" 
.. . 
. .  
N ' g. I 
1 '  
- i  
1 
* 
._"  .- : I  
I 
NACA RM E52J03 17 3x 
t 
a, 
a, a cu 
- 
a3.0 
16.8 
50.1 
24.5 
55.2 
403 
45.5 
64.8 
58.5 
ZU-0 
90.1 
24.5 
35.2 
4O.S 
46.5 
54.8 
50.0 
5s -5 
63.6 
6E.O 
72.2 
6 l . O  
77.0 
50.0 
21.4 
57 .a 
45.3 
SBJ 
62.4 
66.8 
72.5 
7¶.0 
82.6 
s1.5 
88.5 
30.1 
57.8 
45.5 
55.5 
52.4 
"8 
T2.5 
a5.0 
78.7 
9l.l 
w.2 
"2 
106.0 
50.0 
23.0 
za.8 
aD.2 
26.6 
25.7 
28.2 
a8.7 
- 
21.8 
l9.7 
23.3 
24-9  
ZI.5 
26.7 
28.6 
28.9 
27.1 
21.5 
27.7 
28.5 
32.4 
m.7 
25.5 
19.1 
2s -9 
26.7 
26.2 
25.7 
27.5 
35.7 
aB.1 
s9 -5. 
46.7 
- 
74 
73 
76 
74 
74 
7s 
73 z 
74 
74 
74 
6a 
74 
6s 
XI  n n m m 
70 
70 
7a m n 
75 
m 
78 
74 
15 
73 
73 
73 
75 
15 
68 
72 
68 
68 
68 
87 
67 
87 
67 
67 
87 
67 
1.t 
76 
77 
R 
77 
TI 
74 
'15 
74 
74 
74 
74 
76 
78 
77 
7s 
76 
74 
72 
73 
73 
'15 
15. 
'72 
75 
73 
72 
7 5  
72 
72 
72 
72 
- 
- 
n 
n 
n n 
n 
i7 
72 
72 
72 
Tl 
x )  m 
69 
B8 
68 
68 
6E 
68 - 
94d 72.5 
E40 74.0 
180 
840 
49.0 
66.5 
1218 80.2 
1523 ?SA 
1418 7s .s 
l- 
'190 71-81 
n.1 
l o 2 2 '  
86s n .s 
1120 
'15.0 
1010 
"2 
828 
76.5 
595 
74 .5 
61.2 
4ao 
280 
52.2 
no5 
u .s 
ll98 
58.9 
BD.8 
1258 
1510 
7s .5 
I357 
l367 
78.6 
1280 
n.0 
rI.4 
P O  36.2 
672 " 0  
124 89 -0 
968 
851 n.8 
m6 
69.6 
t2.8 
74 .5 
Ian 
-6 6E.8 
us3 . 64.7 
Lll5 
281 
518 
40.5 
442 
44.1 
sa 
c8 .O 
602 
Q.8 
54.6 
852 I4.5 
688 
7 m  
55.2 
725 
49.7 
552 
47.4 
46.5 
la0 45.8 
508 
597 
852 
as0 
lo48 
925 
I2l5 
1558 
1472 
LSlS 
407 
270 
675 
670 
800 
9J2 
1052 
l l 4 8  
1247 
1427 
l3cz 
LC98 
1457 
1452 
382 
177 
538 
845 
702 
965 
1062 
1165 
1185 
1214 
325 
l.223 
ls! 
31p 
u 2  
538 
578 
6ss 
672 
1ZS 
700 
t50 
'19 
760 
748 
lorn 76.0 
7a.o 
sm Q.4 
59.4 
P R  
72.5 
68.7 
77.4 
8l.5 
78.4 
78 .s 
82.7 
e4.8 
84 .a 
as.7 
"6 
6S.l 
75.7 
75.9 
77.9 
M.9 
84.8 . 
86 .o 
87.6 
87.6 
83.2 
87.5 
75.9 
58.6 
60.2 
68.2 
75.4 
6l .O 
79-4 
l32-9 
82.0 
17.0 
75.8 
89.4 
.38.8 
51 .O 
68.1 
60.4 
61.0 
59.5 
81.5 
58.8 
54 .8 
52.8 
49.6 
46.0 
47.6 
88.2 
n.6 
B1a"Cut 
Blm-cut 
BIw-r*lt 
18 NACA RM E52503 
TABIS I1 - 
L 
- 
81 
81 
61 
6 1  
81 
81 
61 
El 
Kt 
B1- 
81 
81 
81 
81 
61 
. b  
91 
81 
81 
101 
101 
101 
lO1 
uI1 
101 m 
101 
101 
101 
1Ol 
101 
155 
155 
155 
I23 
155 
ws  
El 
81 
81 
81 
81 
8 1  
81 
81 
81 
81 
al 
lo7 
81 
10.7 
107 
107 
107 
107 
101 
107 
lnl 
107 
107 
107 
107 
lo7 
107 
lo7 - 
107 
lsc 
1sL 
ls4 
l34 
134 
154 
xi4 
l s 4  
ls4 
Is1 
151 
u4 
ls4 
l!i4 
178 
178 
178 
178 . 
178 . 
178 
178 
17E 
m 
.- 
178 
17a . 
178 
t- 
i .t - . .  - *1! 
-
.599 
.B99 
.599 
.599 
.m .Ea 
.6W 
.Bo0 
.EO1 . eo1 
.a01 . m1 . Bo1 
.Bo2 
.am. .&32 
.ea1 .800 
. N O  
.EO0 
" 0  
.Bo1 
-801 
.801 
.801 
.a .Bas .ax .e-% .ooc 
.m 
.002 
,001 
.001 .MIS 
,002 
,001 .ooo 
.CU1 
.sag 
,999 
.98s 
.599 
.m 
, 5 0 0  . s o 0  
, 5 0 0  
.SO1 
I sol 
. x n  
,301 
,2501 
,501 
L 
.mo 
mbut0r-j ....... ". 
24.7 
2Q.1 
21.7 
19.9 
2S.0 
26.1 
26.s 
25.9 . 
26.6 
28.9 
m.1 
27.7 , 
27.9 
21.3 
z l . 2  
'23.7 
23.9 
28.5 
26 .8 
26.8 z.5 
25.2 as .4 
25.9 
sl.7 
86.5 
38.9 
42.8 
21.8 
21.7 
18 .3 
24.7 
25.9 
25.9 
28 -4 
28.8 
26.0 
32.8  
47.1 
59.8 
58.4 
z2.7 
21.2 
24.7 z¶ .2 
25.8 
28.7 
3l .7  
41.7 
65.0 
E5.7 
"" 
I. 
67.7 
let 1 
76 
80 
78 
18 
78 
74 
75 
74 
7s. 
72 
72 
7 2  
715 
78 
76 
55 
74 
73 
73 
72 
72 
70 
71 
71 
71 
71. 
7 1  
74 
74 
73 
73 
73. 
73 
71 
73 
71 . 
71 
m 
74 
78 
75 
72 
7s 
71 
71 
70 
7b 
L 
-
n 
m 
m 
m 
m 
m 
m 
I
0 
1 
1 
1, 
1 
1 
1 
1 
1 
1  
1 ,  
1:  1. 
1  
1  
1. 
1 .   1 .  
1 .  
1 .  
1. 
4 
. .  
" 
. .  
- 
1. " :..< 
... . . . . . . .  ... . .  
I 
.b . 
19 
iw -797 
455 -197 
456 -797 
457 -797 
458 .796 
459 - 7 s  
461 -798 
464 -996 
465 1.W 
61 
61 
- 
15 -8 
27 -2 
21.6 
33.8 
59 -2 
44 .o 
48 -7 
55.8 
81.0 
64.S 
lE .e. 
37.9 
21.2 
47.5 
57-1  
67.4 
u -5 
76.4 
la .8  
29.9 
40.6 
49.9 
3 . 7  
69 -9 
78-9 
86 -4 
90.7 
.oo -0 
96 -6 
31.1 
49.9 
40-6 
59.7 
69.9 
18.0 
88.5 
95.5 
LM.3 
.08.8 - 
CC&tUtor-. 
- 
IB.8 
a3 -2 
22.7 
24.8 
24 -7 
24.9 
51 -0 
26.5 
18.9 
20.2 
aL.7 
23.9 
23.7 
24 .E 
55.7 
26.1 
38.4 
44.0 
- net 
-01 
am- 
?e= 
t u r e  
[OF) 
ix - 
62 
E? 
85 
66 
64 
64 
64 
64 
65 
77 
77 
76 
76 
55 
74 
73 
73 
72 
73 
E2 
75 
78 
55 
74 
74 
73 
74 
74 
7 3  
72 
72  
75 
76 
7 5  
74 
74 
75 
74 
72 
7 2  
72 
72  
72 
72 
72 
72 
Let 
76 
74 
7 1  
73 
n 
70 
6a 
69 
68 
69 
72  
73 
71 
IO 
66 
68 
7s 
75 
7s 
n 
-
- 
n 
m 
n n 
70 
69 
69 
69 
2 
68 
66 
65 
64 
66 
e3 
62 
E2 
62 
62 -
E r K a  -
215 
259 
304 
351 
390 
4Sl 
515 
470 
539 
144 
246 
196 
295 
3 0  
368 
437 , 
4El 
513 
M8 
565 
97 
l38 
222 
25s 
3 u  
2u7 
SBC 
42s 
459 
496 
509 
L16 
82 
144 
Em 
173 
265 
235 
323 
295 
371 
349 
399 
420 
446 
451 
tal ten 
136 
2-87 
235 
558 
291 
379 
420 
481 
526 
580 
121 
175 
308 
244 
-7 
389 
494 
547 
97 
155 
2 u  
310 
z57 
362 
4009 
448 
500 
Y 9  
125 
le 
200 
239 
278 
515 
553 
38l 
4Q9 
433 
1m 
-
4m 
- 
Mc. 
enpera- 
UP0 
(OR) 
rature, ! 
l l l 5  
lsol 
1468 
1709 
1605 
1778 
mos l8SO 
1977 
812 
U 7 6  
962 
1368 
1524 
1668 
1145 
L850 
1710 
705 
774 
loa4 
860 
ll45 
1280 
1429 
1547 
L6LQ 
1634 
1625 
1620 
660 
705 
724 
827 
897 
885 
1041 
l l 3 7  
uo2 
ll52 lm4 
121s 
L220 
lpo 
,rature, I 
1062 
3.240 
1633 
1m2 
1616 
1864 
1968 
2a2 
a297 
2273 
Lo 
Il71 
1441 
1652 
1830 
1932 
2150 
2080 
1073 
912 
1262 
1433 
1587 
1725 
1830 
1932 
1912 
la50 
m 7  
932 
1062 
ll38 
1201 
1292 
E525 
Xi58 
1820 
1-170 
770 
988 
1579 Ism 
615 
801 
966 
1105 
lZO9 
1278 
1360 
1505 
1477 
312 
452 
675 
1024 
868 
1245 
l lm 
1320 
l330 
1210 
203 
274 
504 
645 
7m 
xrn 
360 
1047 
929 
Ill0 
1134 
1125 
1120 m 
2a5 
224 
270 
397 
327 
465 
5u 
5x2 
657 
652 
684 
715 
m 720 
10 E 
402 
580 
7'13 
956 
lO72 
1xH 
1308 
1552 
1437 
1615 
?A0 
! 5 l l  
7e.l 
992 
1352 
1470 
1420 
413 
802 
M6S 
927 
ll70 
-2 
E72 
1227 
1l90 
128 
272 
478 
4a2 
5u 
632 
665 
698 
700 
urn 
25% 
n 5  
ns  
15.0 
85.2 
78.1 
e4.9 
86 -7 
86.1 
85.4 
83 .I 
83.1 
81 .a 
69.9 
85.0 
73 -8 
85.4 
85.6 
83-9 
83.1 
72.9 
67 -0 
64.5 
73.0 m-0 
78.9 
79.1 
77.8 
76.7 
74 -6  
67.7 
54.1 
633 
50.7 
x1.9 
51.1 
50.1 
49.4 
52.1 
" 6  
42.9 
48.3 
Blm-out 
Blow-cut 
Blow-cut 
20 NACA RM E52503 
530 0.598 
5s1 .598 
532 .698 
553  .E98 
554 .Boo 
555 .559 
536 .599 
538 .794 
557 .599 
s40 -803 
539 .803 
541 .EO1 
542 .801 
543 -803 
544 .a03 
545 .a05 
546 .EO1 
547 .799 
548 .799 
549 .799 
550 .m 
551 1.004 
552 1.ooO 
553 .998 
5§4 1.002 
555 l.m 
556 1.000 
557 1.001 
558 1.ow 
580 1.002 
559 1.002 
561 .99S 
562 1 . m  
563 1.ooO 
564 1.ooO 
565 l.Oo0 
566 1.W 
567 1.002 
568 1.002 
569 1.001 
570 1 . 0 0  
571 1.000 
572 1.000 
573 1.300 
574 1.300 
575 1.302 
578 1.S02 
578 1.501 
577 1.302 
579 1.300 
580 1.299 
581 1.303 
982 1.501 
583 1.301 
5e4 1.301 
585 1.302 
81 19.1 
'61 35.8 
61 27.3 
61 50.7 
61 44.2 
,' 61 59.B 
61 61.0 
81 36.7 
s l  El.7 
81 27.5 
al '23.4 
81 43.0 
81 43.0 
81 52.5 
81 63.5 
81 73.6 
81 62s 
81 91.5 
81 95.9 
81  uu.2  
81 101.7 
101 U . 6  
lnl . 82.6 
101 77.2 
101 22.8 
1Q1 5J.4 
101 21.5. 
101 39 .5  
101 45.9 
101 49,0 
101 53.7 
101 m.n 
101 68.8 
101 z . 4  
101 78.4 
101 84.6 
lo1 88.9 
IS1 98.6 
101 9 2 3  
101 1oL5 
101 U0.3 
lal m.0 
101 lm.4 
w3 . 41.6 
Is5 M . 8  
133 34.A 
13s 30.1 
WS 56.6 
133 €4.3 
133 72.4 
13s aQ.9 
15s 81.5 
15s 91.5 
l33 100.8 m 106.5 us l23.4 
- 
,.O 
. ". . - ". 2 .7 
.Om5 26.6 
.02S5 26.7 
-0277 27.2 .0283 27.5 
.0286 27.8 
.0125 24.5 
.a095 2S.6 
.a81 21.7 
-0149 26.9 
.OM9 27.5 
-0182 26.2 
-02'2-3 27.0 
. O S 4  27.8 
.0286 28.4 
.0318 32.7 
-0353 36.7 
. E 4 8  42 .2  .E53 43.4 
.On5 25.7 
.0174 26.2 
.0215 26.9 
-0083 2S.5 
.0078 22.7 
.Om9 26.7 
.W93 24.8 
.0122 27.8 
.0136 26.4 
.OM9 27.0 
.0167 27.2 
.0201 27.7 
.0186 27.5 
.Om8 27.8 
. O P 5  29.2 
.0247 . 31.7 
.0256 34.7 
.0273 39.8 
. o2m 48.7 
. W 6  52.9 
.OS28 61.9 
.Ds3P e4.9 
.0102 27.0 
.0087 25.7 
.0073 25.9 
.We4 24.2 
-0121 27.2 
.OlS7 26.5 
.a55 27.4 
.Ol74 27.9 
.a172 27.8 
.Ol95 52.5 
.0215 41.5 
-0227 47.8 
.02m --- 
406 
478 
216 
67  199 
67 500 
67  371 
71  109 
T I 1 3 1  
T o m  71  161 
69 211 
70 235 
70 257 
70  286 
71  347 
71  321 
71  40s 
71  376 
7 0 .  442 
70 471 
70 601 
70 566 
70 528 
72 573 
71 176 
71 150 
66 126 
68 1ll 
67 209 
67 237 
6 7 .  268 
67 300 
74 291 
75 -7 
m 426 
1170 
8 P  
145.0 
1770 
1650 
1992 
1998 
1990 
1080 
875 
1245 
775 
1265 
1455 
le40 
1786 
1847 
1950 
1982 
lSl0 
920 
1255 
1495 
838 
682 
768 
870 
I045 
962 
1120 
12so 
1343 
1432 
15% 
1825 
1660 
1688 
1730 
1785 
1777 
17W 
1785 
722 
781 
675 
652 
855 
1898. 
E 
lorn 
lLB0 
1255 
1330 
1" 
S20 
830 
1150 
1492 
l49E 
1490 
580 
376 
275 
745 
TB5 
1140 
955 
1285 
1587 
1460 
1482 
1398 
1410 
126 
75s 
995 
I 3 8  
182 
3.70 
268 
462 
a 5  
620 
750 
832 
1030 
1125 
1160 
l U 8  
l P 0  
l265 
1277 
1260 
1285 
281 
222 
17S 
U 2  
355 
510 
620 
590 
680 
755 
e30 
790 
670 
12m 
a43 
4 a  
50.9 
75.8 
U . 9  
85.1 
82.8 
84.3 
83 .O 
81.7 
66.9 
56.0 
47.9 
75.1 
75.1 
78.5 
78.1 
77.8 
76.1 
71.7 
7cL.3 
633 
63.0 
52.1 
65.7 
30.7 
69.5 
s s . 7  
40.8 
48 .5 
54.2 
57.7 
60.5 
64 .O 
67.1 
69 -1 
72.7 
71.1 
71.6 
69.3 
71.0 
67.5 
64.8 
60.8 
60.4 
39.0 
36.0 
35.7 
28.9 
41.7 
44 .I 
47.5 
51.9 
49.8 
51.1 
5 4  -4 
51.9 
44 .8 
P 
Occanlonsl resonance 
Resonance 
Resonanae 
Resonance 
Resonance 
Blm-out 
. .  J 
NACA RM E52503 21 
a3 
03 
W cu 
- 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
ax, 
601 
602 
603 
604 
605 
506 
607 
608 
609 
610 
6 U  
612 
613 
614 
615 
616 
617 
618 
619 
620 
821 
622 
625 
624 
6 E  
627 
626 
629 
628 
851 
632 
855 
634 
635 
636 
637 
638 
6CO 
639 
841 
642 -
- 
0 -601 
-601 
-601 
.602 
-800 
.59T 
-597 
-800 
-601 
.so1 
-601 
-601  
-600 
-801 
. Bo1 
-800 .800 
.a00 
-800 .em 
-800 
-800 
.a00 
-800 
-800 
1.002 
1.001 
1.001 
1.001 
1.001 
1.001 
1.001 
1 .001 
1.001 
1.001 
1.001 
1.299 
1.300 
1 -300 
1.300 
1.300 
1.500 
1 .m 
1.302 
1.299 
1.301 
1.300 
1.300 
1 3 0 0  
1.303 
1 . X 3  
1 5 0 3  
1.303 
1 .SO3 
1.303 
-601 
1.305 
81 17.9 
81 - 2 4 3  
81 32.8 
81 51.1 
E 1  41.6 
81 60.0 
81 27.5 
81 38.0 
81 47.8 
81  57.5 
81 63.7 
81  67.5 
81 72.4 
81 77.2 
ffl Bo.7 
107 15.0 
81 81.9 
107 25-Q 
107 55.8 
107 46.6 
107 555 
107 6 6 5  
107 76.0 
107 86.4 
107 98.0 
107 101.3 
134 28.2 
134 205 
134 58.7 
152 48.8 
15+ 58.8 
X54 78.1 
l3& 68.8 
134 89.1 
1 s  99.3 
134 120.4 
134 109.2 
178 98.0 
178 108.9 
178 91.1 
178 81.9 
178 120.9 
178 65.0 
178 '15.0 
178 88.9 
178 100.1 
178 25.7 
178 35.1 
178 45.6 
178 58.0 
178 70.2 
178 82.4 
178 95.0 
178 105.8 
178 115.9 
, 178  128.3 
178 151.6 
C c m b u s t o r - i n l e t  total ten 
D.0085  P . 7  
.ous P.? 
-0192 25.9 
dl152 23.2 
-0236 27.4 
-0278 27.2 
.Ol28 2117 
,0177 25.1 
-0221 . 25.9 
-0266 25.9 
-0294 25.9 .43l.2 26.2 
-0535 28.6 
' ,0374 21.2 
..a57 26.9 
.os18 27.4 
-0052 l s . 7  
a 0 8 7  23-0 
XCl.24 24.0 
-0162 27.4 
. O W  27.2 
. O m  26.7 
A0264 27.7 .moo 50.8 .a40 41.9 
.0352 -
.0078 2125 
.0057 .Pa 
-0103 26.6 
A135 27-4 
.0163 26.7 
-0191 26.9 
-0217 27.7 
-0247 53.7 
-0276 44-7 
-0503 56.6 
" 4  " 
-0210 S8.9 
-0233 52 .2  
.om5 33.3 
.OB8 68.2 
-0175 26.9 
.om9 24.7 
.01m 25.8 
.om5 29.5 
.02l4 42.7 
-0055 20.6 
.0075 24.5 
.0097 25.7 
a124 25.3 
a150 26.5 
-0176 27.7 
-0205 37.7 
-0247  62.8 
.0226 50.6 
.Om4 7S.0 
.MB1 
~~ - 
al 
82 
62 
79 
79 
7 s  
86 
72 
69 
70 
68 
68 
68 
68 
69 
68 
83 
80 
80 
79 
77 
78 
76 
76 
76 
76 
Eo 
eo 
78 
77 
77 
76 
76 
75 
75 
65 
75 
85 
r r  
87 
67 
70 
70 
89 
68 
79 
79 
77 
77 
77 
75 
74 
74 
73 
74 
72 
7a 
- 
-
143 
195 
331 
262 
407 
480 
221 
306 
581 
458 
508 
539 
579 
bl6  
646 
653 
150 
90 
214 
280 
333 
597 
456 
518 
587 
608 
135 
98. 
185 
233 
281 
330 
375 
42s 
476 
S23 
577 
365 
4u2 
357 
502 
445 
240 
519 
276 
369 
l30 
95 
167 
214 
304 
259 
350 
390 
426 
473 
485 - 
l l 6 5  
1544 
1327 
1758 
1964 
w5 
1425 
2085 
1885 
23.84 
z235 
2410 
515 
2462 
2485 
9x) 
urn 
1585 
1365 
1740 
1912 
a068 
2218 
2 l 6 5  
1052 
1250 
892 
1397 
1522 
1875 
1958 
1ns 
mm 
2018 
1985 
1425 
1415 
1495 
1558 
1365 
1250 
1535 
1438 
1450 
8 x I  
1062 
944 
1xy) 
1518 
1425 
E 1 7  
3510 
1515 
l520 
E35 
u s a  
2176 
505 
887 
1098 
884 
1304 
2475 
1008 
7- 
1225 
1524 
1425 
l5-E 
1855 
1750 
1802 
la25 
260 
500 
m 
9 P  
1252 
1408 
l5S8 
Lso5 
1510 
592 
232 
570 
737 
1015 
882 
n 3 5  
1358 
1560 
1325 
855 
785 
755 
878 
705 
590 
675 
778 . 
790 
160 
402 
284 
640 
658 
765 
857 
850 
855 
860 
875 
lorn 
1278 
88.4 
87.7 
89.8 
88 .O 
86.8 
84.8 
88.0 
86.9 
86.4 
85.2 
e33 
81.6 
80.6 
80.7 
79.8 
80 -1 
71 A 
85.6 
84.3 
88.4 
86.0 
85 .1  
84.7 
83 -7 
71.7 
I 
. .  . . .. .. . . .. . . . . . . . . . . . . . . . . .. . . 
N 
N 
. 
. . 
2688 
C 
I 
I 
tJ I 111 I 
A B 
Sect lm A-A Bedion B-B 
(Combustor-inlet 
total-pressure  probes) 
(Cambustor-idet 
t k m c u p l e e )  
I 
(I) -+- 0 0  
I 
0 0  
0 Total-’praseure tube 
Q Tbmoouple 
. 
. .  
- 
Total-pressure rake 
- 
(eectiw. A-A) 
Iron-caastantem 
thenaocuuple 
(seation B-B) 
8892 I 
r 
I 
. . .  . . . .  . 2688 ‘ k  
Variable-area 
fuel nozzle 
FIgure 4. - Comparison of nozzle pressure  differential of two types of fuel nozzles 
at various values of fuel flow rates. 
.. . 
26 
r F u e 1 7  
I n \  
-Fuel paseage way 
leading to emal 
flow tangential 
Ellotie - 
NACA RM E52333 
-Piston 
late 
plate  
N 
Figure 5. - Diagrammatic  cross section of uariable-area f u e l  n o z z l a .  .- .- I 
.. . . 
L 2688 . . .  . 
Exhaust-gas temperature,. 9 
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Figure 13. - Variation of combustion efficiency at  heat- 
input value of 325 Btu per pound of air with inlet-air 
mass f l o w  and inlet-air  temperature for five hydrocarbon 
fuels. 
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Figure 14. - Variation of combustion efficiency at 
tempemtore rise of 830*-F with in l e t i a J r .  miss flow 
and  inlet-air temperature for five hy&ocarbon fuels .  
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Figure 15. - Variation of maxfmum combustor temperature 
rise! with maximum burning velocity and inlet-air maas 
flow fo r  two Inlet-sir temperatures. 
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(b) Inlet-sir  temEerature, 40' F. 
Figure 16. - Variation of combustion  efficiency  at 
heat-input value of 325 Btu F r  pound of; air Kith maxi- 
mum burning velocity and  inlet-air mass flow for two 
inlet-ah- temperatures ._ . . 
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Figure 17. - Vaxiation of combustion  efficiency  at tempera- 
ture rise of 830° F with maxim bmniw velocity and inlet- 
air mass flow f o r  two inlet-air temperatwee. 
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